We present results from a Chandra observation of the NGC 346 cluster, which is the ionizing source of N66, the most luminous H ii region and the largest star formation region in the SMC. In the first part of this investigation, we have analysed the X-ray properties of the cluster itself and the remarkable star HD 5980. But the field contains additional objects of interest. In total, 75 X-ray point sources were detected in the Chandra observation: this is five times the number of sources detected by previous X-ray surveys. We investigate here their characteristics in detail. Due to high foreground absorption, the sources possess rather high hardness ratios. Their cumulative luminosity function appears generally steeper than that for the rest of the SMC at higher luminosities. Their absorption columns suggest that most of the sources belong to NGC 346. Using DSS data and new U BV RI imaging with the ESO 2.2m telescope, we also discovered possible counterparts for 32 of these X-ray sources and estimated a B spectral type for a large number of these counterparts. This tends to suggest that most of the X-ray sources in the field are in fact X-ray binaries. Finally, some objects show X-ray and/or optical variability, with a need for further monitoring.
Introduction
The launch of the Chandra satellite provides an opportunity to explore the X-ray sky with a far greater sensitivity and spatial resolution than ever before. In a given field of interest, these characteristics enable the discovery of numerous X-ray sources in addition to the main target(s). Although often regarded as secondary, these sources provide important information which can improve our knowledge of the X-ray emission mechanisms in the Universe.
These serendipitous discoveries also enable us to study the source distribution in galaxies, especially Magellanic dwarf galaxies in our case. Most of the dwarf galaxies studied are at a distance of a few Mpc (e.g. Martin, Kobulnicky, & Heckman 2002) , and their X-ray observations only sample the population with L X > 10 36 erg s −1 . On the other hand, the relative closeness of the Magellanic Clouds enable us to probe the X-ray sources with luminosities as low as 10 32 erg s −1 . Putting together the informations on faint and bright X-ray sources will ultimately lead to a better understanding of this type of galaxies.
We have obtained a deep Chandra observation of the giant H ii region N66 (Henize 1956 ), the largest star formation region in the Small Magellanic Cloud (SMC). The large number of massive stars and the presence of the remarkable star HD 5980 make the NGC 346 field one of the best opportunities to conduct an investigation of the X-ray domain.
In the first part of this analysis (Nazé et al. 2002, paper I) , we have presented the characteristics of the cluster, the star HD 5980 and its close neighborhood. The cluster itself is relatively faint and most of its emission seems correlated with the location of the brightest stars in the core. However, the level of X-ray emission could not be explained solely by the emission from individual stars. The Chandra observation also provides the first X-ray detection of HD 5980. In X-rays, the star, that underwent a LBV-type eruption in 1994, appears very bright, comparable only to the brightest WR stars in the Galaxy. This high luminosity could be explained either by colliding winds in the binary system or by post-eruption effects. Finally, a bright, extended X-ray emission seems to surround this star. It is probably due to a SNR which may or may not be related to HD 5980 itself (see paper I).
In this second paper, we will focus on the other X-ray sources present in the field. First, we will describe in § 2 the observations used in this study. The detected sources, their hardness ratios (HRs), and their spectral characteristics will then be discussed in § 3, 4, and 5, respectively. Next, we will describe the overall properties of the point sources' population in § 6, present their possible counterparts in § 7 and investigate their variability in § 8. Finally, we will give a summary in § 9.
The Observations and Data Analysis

X-ray Observations
NGC 346 was observed with Chandra for the XMEGA 9 consortium on 2001 May 15-16 for 100 ks (98.671 ks effective, ObsID = 1881, JD∼2 452 045.2). The data were recorded by the ACIS-I0, I1, I2, I3, S2 and S3 CCD chips maintained at a temperature of −120
• C. The data were taken with a frame time of 3.241s in the faint mode. Our faintest sources have fluxes of about 6 × 10 32 erg s −1 (see §6), assuming a distance of 59 kpc for the SMC (Mathewson et al. 1986) . More details about the processing of the data can be found in paper I.
For long exposures, removing the afterglow events can adversely affect the science analysis (underestimation of the fluxes, alteration of the spectra and so on, see paper I). We thus computed a new level 2 events file and we will use this new file throughout this paper, except for the source detection, where it is better to use the pipeline level 2 product to avoid mistaking afterglow events for real sources.
Further analysis was performed using the CIAO v2.1.2 software provided by the CXC and also with the FTOOLS tasks. The spectra were analysed and fitted within XSPEC v11.0.1 (Arnaud 1996) . Fig. 1 shows an image of the four ACIS-I chips : numerous point sources and some diffuse emission near HD 5980 can be seen. Fig. 2 presents the superposition of the Chandra data on a DSS image. The ACIS-I field-of-view covers 290 pc× 290 pc, while the size of NGC 346 is 180 pc×220 pc (Ye, Turtle, & Kennicutt 1991) . Note that due to their high noise and poor resolution, the ACIS-S data won't be analysed in details here.
WFI Images
Optical imaging data were acquired as part of a project aiming at the photometric calibration of the Optical Monitor on board the ESA satellite XMM-Newton (Mason et al. 2001) . The NGC 346 field was among the selected fields ob-served by XMM-Newton that were photometrically calibrated on the basis of ground-based observations.
The images of this field were obtained in April 2001 at the MPG/ESO 2.2-m telescope with the WFI mosaic camera 10 providing a field of view of 0.5 × 0.5 square degrees. Due to the unfavorable position of the SMC at this period of the year, the seeing was less than perfect but the data quality was still good. The total exposure times were 25 minutes in the U -band and about 10 minutes in the other bands (BV RI). The reductions were performed with IRAF and our personal software. Color transformations were done via observations of standard Landolt fields.
Source Detection and Count Rate
The discrete X-ray sources of the field were first found by running the CIAO wavelet algorithm wavdetect on an unbinned image of each chip. The source detection threshold was set to 5 × 10 −7 , implying that a maximum of one false source would be detected within each chip. A total of 68 sources were then found: 7 sources in ACIS-I0, 19 sources in ACIS-I1, 16 sources in ACIS-I2, 23 sources in ACIS-I3 and 3 sources in ACIS-S3. As wavdetect is not 100% reliable, a second source detection was also performed. Using statistical thresholds calculated after Gehrels (1986) , this second algorithm starts by eliminating all potential point-like sources and iteratively calculates the source-free background which may vary across the field-of-view. Then, using these background value(s), the algorithm detects all events exceeding the given threshold (i.e. 3 sigma in our case), groups them into spatially independent sources (whose separations exceed 2×FWHM P SF ), and finally, it calculates the centroids of the sources. We searched for significant events on separated soft, medium and hard energy-band images and this second algorithm found 13 additional sources. Five of these sources have less than 10 net photons, and may be spurious detections. We thus 10 The WFI is a joint project between the European Southern Observatory (ESO), the Max-Planck-Institut für Astronomie (MPI-A) in Heidelberg (Germany) and the Osservatorio Astronomico di Capodimonte (OAC) in Naples (Italy). For more details, see http://www.ls.eso.org/lasilla/Telescopes/2p2T/E2p2M/WFI/ decided to discard them. We present in Table 1 the coordinates of the 75 remaining sources, listed by increasing Right Ascension (RA). Fig. 1 shows the sources' positions on the ACIS-I chips.
Note that HD 5980 is designated Src 41 and that Src 44, belonging most probably to the extended emission, probably does not constitute in itself a distinct point source. One source, Src 31, was 'detected' in the emission associated with the NGC 346 cluster. This emission was analysed in paper I and we won't repeat the discussion here. Some other sources are situated near a CCD gap and their derived properties should therefore be treated with caution. Table 1 also lists the count rates of each source in the 0.3 − 10.0 keV energy band. The count rates were derived using the tool dmextract, from a spatial extraction of counts within a disk centered on the detected source and of radius varying from 2.5 ′′ to 15 ′′ , depending of the off-axis angle. The background was extracted in an annulus directly surrounding the source, with the outer radius varying between 5 ′′ and 22 ′′ . The analysis of the ACIS-S sources was more difficult due to the high background noise of these CCDs and the poor resolution this far off-axis. wavdetect was particularly confused in this region. For example, it found two close sources at the position of Src 75, whereas there is actually only one source. The second algorithm did a better job, but since the derived properties of any source in this region will not be very reliable, we decide not to analyse further these ACIS-S sources. Note however that Src 73 seems to possess a close neighbor (although this one was not detected by the detection algorithms): a comparison with the PSF expected at this position on the ACIS-S detector confirms that it may not be a single source.
Hardness Ratios
The properties of the point sources have also been studied using their hardness ratios (HRs). As in Sarazin, Irwin, & Bregman (2001) and Blanton, Sarazin, & Irwin (2001) , we have defined S, M and H as the count rates in the 0.3 − 1.0 keV, 1.0 − 2.0 keV and 2.0 − 10.0 keV en-ergy bands. We then used these data to compute two HRs: H21 is defined as (M − S)/(M + S) and H31 as (H − S)/(H + S). For the sources with more than 50 cts (i.e., a minimum count rate of 5 × 10 −4 cts s −1 ), the S, M and H count rates are listed with the corresponding HRs in Table 2 . Fig. 3 shows H31 as a function of H21 for these sources. No supersoft source is present : the HRs extend mainly from (0, 0) to (1, 1), with a tight correlation between the two HRs. The rather high HRs of the sources in the NGC 346 field, as compared e.g. to NGC 4697 (Sarazin, Irwin, & Bregman 2001) and NGC 1553 (Blanton, Sarazin, & Irwin 2001) , can be explained by the larger foreground absorbing column.
Spectral Fitting
We have extracted the spectra of the detected point sources using the CIAO tool psextract. Only sources with at least 150 cts were fully analysed. The spectra were binned to reach a minimum of 10 cts per bin. Models were fitted within XSPEC, and we used either a simple absorbed mekal model or an absorbed power-law model, whose properties are summarized in Table 3 . Unfortunately, the low Signal-to-Noise of most spectra did not allow us to discriminate between the models, so we have listed the parameters of both models, except if they give unphysical results (e.g. kT >> 10 keV) or a statistically poor fit to the data. If neither model fits the data, other models were tested, and we have listed the parameters of the best one. Unless otherwise stated, the abundances of the mekal models were always fixed to the SMC mean value, 0.1Z ⊙ .
Absorption Column
To better understand the spectral properties of the point sources, we have tried to estimate the absorption column, N (H). We can use two different ways. First, HI surveys provide us direct estimations of the hydrogen column: Schwering & Israel (1991) A second estimation of the extinction towards NGC 346 can be made using the reddening, E(B − V ). Massey, Parker & Garmany (1989) measured an average E(B − V ) SMC+gal of 0.14 mag in the cluster, while Schwering & Israel (1991) estimate a Galactic contribution of 0.07 to 0.09 mag towards the SMC. We can convert these values to absorption columns using the gas-to-dust ratios. For the Galaxy, this ratio is estimated to be Bohlin, Savage, & Drake 1978) . For the SMC, the quoted values are in the range Bouchet et al. 1985; Lequeux et al. 1994; Fitzpatrick 1985) . A range of typical absorption columns towards NGC 346 can then be calculated using the expression
We can thus conclude that an absorption column in the 4 − 20 × 10 20 cm −2 range indicates most probably a source in front of NGC 346 but still belonging to the SMC, while a column in the 2 − 6 × 10 21 cm −2 is characteristic of a source situated in the NGC 346 cluster. A column higher than ∼ 10 22 cm −2 rather suggests an extragalactic source. A histogram of the values of the absorbing columns found in our spectral fits is presented in Fig. 4 . It shows that most sources are indeed situated in NGC 346, with only few foreground sources and extragalactic sources.
Point Source Luminosity Function
We have used the X-ray luminosities of all the point sources detected in the field to construct a luminosity function, which can be compared to the overall luminosity function of the SMC, as well as to other galaxies. We thus first need to estimate the luminosities of the fainter sources on the basis of their count rate only.
To determine the countrate-to-luminosity conversion, we have assumed that all sources lie in the SMC, at a distance of 59 kpc. We further assumed that the data could be well represented by a power law of Γ=1.6. For the absorbing column, we chose N (H) = 4 × 10 21 cm −2 , an average of that estimated for sources belonging to the cluster in § 5.1. Note that this arbitrary model appears consistent with a combined spectrum of all sources. For these parameters, P IM M S 11 gave us a typical absorbed flux of 1.4×10
−11 erg cm −2 s −1 for 1 cts s −1 in the 0.3 − 10.0 keV energy band. This leads to a countrate-to-absorbed-luminosity conversion factor of 5.7 × 10 36 erg cts −1 (or 7.7 × 10 36 erg cts
to get unabsorbed luminosities). The derived absorbed luminosities for the sources with <150 cts are listed in Table 1 .
Using this conversion factor, we also derived the unabsorbed luminosities of all sources, including these with known spectral fits, and we constructed the cumulative distribution of the sources as a function of the X-ray luminosity (see Fig. 5 ). The best fit power law to our data, using a maximum likelihood minimisation algorithm (bayes in Sherpa v 2.3), has an exponent of −0.84 (with a 90% confidence range of −0.77 to −1.32). ] > 33.68] (with 90% confidence ranges of −0.42 to −0.44, −0.95 to −1.18, and 33.60 to 33.77 for the two slopes and the break point, respectively). Note that a fit using the unabsorbed luminosities from the spectral analysis for the brightest sources (see Table 3 ) gave very similar results.
For comparison, Bauer et al. (2001) indicate that the typical trend of the luminosity function for the SMC, M82 and NGC 3256 (all of which are star-forming galaxies of varying size) is
35 erg s −1 . The fit suggests that our data present a steeper slope than is seen for the entire SMC at higher luminosities, 11 available on http://cxc.harvard.edu/toolkit/pimms.jsp and also for other star-forming galaxies. But note that our observations are sampling a lower luminosity range than in the other quoted examples. In addition, our luminosity function seems actually rather complex. It presents a rather flat profile at low luminosities. The function then steepens for L unabs X > 33.7 and flattens again for the highest luminosities (L unabs X > 34.5).
Source Identification
Comparison with Previous X-ray Observations
We have compared our source list to the ROSAT catalogs of SMC X-ray sources. Only 15 of the 75 sources were previously detected. We give in Table 4 the correspondence between our sources and those previously detected . To be complete, we also quoted in this table the separation between our source and the ROSAT detections, and the 90% confidence error on the position given in the catalog of .
Of these 15 sources, Src 10, 20, 69, 70, 71, 72 and 74 fall slightly beyond the allowed range of RA and DEC of their ROSAT counterpart 12 . Either the quoted errors were underestimated, or there are seven pairs of close transient sources in the field, with one member in a high state and the other in a quiescent state when the ROSAT observation was taken, and then exactly the reverse situation when Chandra took our data. As this possibility is very unlikely, we prefer to accept the identification with the quoted ROSAT sources.
During this comparison, we also found that one previously detected source was clearly missing:
[HFP2000] 186 Sasaki, Haberl, & Pietsch 2000) , should be present in the ACIS-S field, but are not clearly detected.
Optical Counterparts
To search for optical counterparts to the ACIS-I sources, we have used the DSS 14 and MACHO
15
databases. In addition, we have also compared the X-ray data to ground-based images taken with the Wide Field Imager (WFI). The limiting magnitudes are R ∼ 17.5 mag for the DSS, 20-21 mag for MACHO and ∼21 mag for WFI. Before the comparison with the WFI images, a global shift of 0.3 s in RA and 1.2 ′′ in DEC was first applied to the coordinates of our sources, so that the position of HD 5980 coincides almost perfectly in both datasets.
Next we have defined an optical counterpart as a star lying less than 3 ′′ away from the position of the X-ray source. The results of this search are listed in the last column of Table 1 . 32 sources possess at least one counterpart within the chosen 3 ′′ error circle, but some of these counterparts are faint and/or lie just at the 3 ′′ border. On the basis of the crowdeness of the field, we estimate that ∼20% of these identifications may be spurious detections. 15 other sources do not seem to present any counterpart in any of the datasets. The status of the rest of the sources is unclear: they present a faint counterpart in some of the optical images, but not in all of them, so we considered these identifications more dubious than the previous ones. In Table 5 , we present the U BV RI photometry of the counterparts found in the WFI data, and their separation from the X-ray source (after that the first global shift has been applied, see above). Note that the photometry of stars with V > 20 mag is rather uncertain, and has only an indicative value. Fig. 6 shows the colormagnitude diagram of all the sources detected in NGC 346 by the WFI. The majority of the X-ray emitting sources with V < 20 mag are within the main sequence of NGC 346. A second group contains rather faint (V >17 mag) and redder stars which probably belongs to the SMC but are not physically associated with the cluster.
Only two counterparts in the field already have a spectral classification: HD 5980 and the star situated at the peak of the cluster's emission. An estimation of the spectral types of the other counterparts has been made using the WFI photometry, the calibration of Schmidt-Kaler (1982) , a distance of 59 kpc and a mean reddening E(B−V ) of 0.14 mag (Massey, Parker & Garmany 1989 ). This evaluation is given in the last column of Table 5 . The majority of these newly cataloged counterparts seem to present a B spectral type. This result is not totally surprising since (a) Xray binaries containing a Be star are expected to be moderately strong X-ray sources and to be brighter than in the case of a 'normal' B-star companion, and (b) Maeder, Grebel, & Mermilliod (1999) showed that the fraction of Be to B-type stars increases when metallicity decreases. With its low metallicity, the SMC should thus present a large population of Be/X-ray binaries, compared e.g. to the Galaxy, as was already suggested by e.g. Haberl & Sasaki (2000) . A large number of the X-ray sources in the field are then probably Be/X-ray binaries. However, accurate spectroscopic observations of these stars are needed to confirm the spectral types and firmly secure this conclusion.
Among the identified sources, the slightly extended X-ray source Src 2 corresponds in fact to a small group of stars, too close to each other to disentangle their individual X-ray emission. Src 4, 6, and 70 are known Be/X-ray binaries (Be/XRBs). We confirm here the previous identifications of Src 6 with [MA93] 1038
16 (Haberl & Sasaki 2000) and Src 70 with a "15-16th magnitude star" (Kahabka & Pietsch 1996) . Haberl & Sasaki (2000) found another Be/XRB candidate in our field:
[HFP2000] 170 (our Src 4). It lies between the emission-line stars AzV 191 and [MA93] 1016. The precise position of this source on the ROSAT observations made the association with either star unlikely, and we found that this source correlates well with a faint star situated between these two bright emission-line stars.
Source Variability
Short-Term Variability
We have searched for short-term X-ray variability in the lightcurves of the brightest point sources (with > 50 cts). Using a Kolmogorov-Smirnov test, we found that all lightcurves are consistent with a constant flux at the 95 % confidence level. However, KS tests are not very sensitive, so we have also checked the constancy using a χ 2 test. We have also compared the χ 2 of a constant fit with the χ 2 of a linear fit, to search for any improvement when using a linear fit. With these tests, we have detected a significant variability for Src 4, 6, and 41 (=HD 5980, see paper I). Figs. 7a and b show the lightcurves of Src 4 and 6, respectively. Src 4 and 41 present an increase of the count rate towards the end of the exposure, but the variability of Src 6 seems more complex and may be related to the Be phenomenon (see § 7.2).
Considering even higher frequency variability, Lamb et al. (2002) have detected a period of ∼5 s in Src 69, the brightest point source of the field, which presents ∼6000 cts in 100 ks. On the basis of its luminosity and its soft spectrum, they have proposed it to be an Anomalous X-ray Pulsar (AXP). Using our photometry, we have classified the counterpart as a probable early B star (see Table 5 ). This suggests that the source is in fact a Be/X-ray binary. From the P orb vs P pulsar diagram (Corbet 1986) , we then derived an orbital period of ∼25 d for this object.
Long-Term Variability
Long-term variations in the X-ray properties can also be checked by comparing our Chandra data to the ROSAT PSPC observations of the SMC. We have already mentioned ( § 7.1) at least one ROSAT source which was not detected in our Chandra observation. Such variations are indicative of transient sources.
One other transient source was already known in this field: Src 70. Kahabka & Pietsch (1996) reveal that this source is an X-ray binary evolving from 1.3 × 10 36 erg s −1 in the high state to < 4.6 × 10 34 erg s −1 (i.e. undetected by ROSAT ) six months later. In our dataset, this source is in the quiescent state, since its luminosity reaches only 2 × 10 34 erg s −1 . We have used the ROSAT data to compare the spectral properties of this source during the high and low states. The best fit parameters to the ROSAT observation of Src 70 in the high state are: N (H) = 0.39 Fig. 8 . Such luminosity variations were also observed in other sources, e.g. 2E0050.1 − 7247, but in this last case, the power-law steepened when the source luminosity decreased ). However, if we consider only the Chandra data in the ROSAT energy range (0.3 − 2.0 keV), the fitted slopes of the power-laws are very similar in both datasets; thus we cannot conclude whether the power-law has steepened or not. This X-ray source also possesses a variable counterpart in the visible wavelengths. Fig. 9 shows the MACHO light curve of this counterpart in the blue and red filters, binned to 25 days. Both curves show a long-term increase, superposed on a sinusoidal variation with a period of ∼1300 d. The properties of this interesting varying object are certainly worth further investigation.
We have compared Chandra and ROSAT data in the 0.3 − 2.0 keV range for the other bright sources detected by ROSAT. The spectral properties from the ROSAT data of these sources are compatible with the Chandra data within the error bars.
Finally, we note that some of the X-ray sources may possess a variable optical counterpart. From the MACHO database, we downloaded the red and blue lightcurves of the possible counterparts to our X-ray sources. Using a CLEANed algorithm (Roberts, Lehar, & Dreher 1987), we discovered that some of these sources correspond to long-term variables. They are presented in Table 6, along with the periods found (if any) and their MACHO id. Except for Src 70, no variation was clearly detected for these sources in the X-ray domain, but future X-ray observations could provide additional checks.
Summary
In this series of articles, we report the analysis of the Chandra data of N66, the largest star formation region of the SMC. In this second article, we have focused on the other sources detected in the field. The X-ray properties of 75 point sources, of which 32 may possess an optical counterpart, have been analysed. Their cumulative luminosity function is steeper than the global one of the SMC at higher luminosities. Using new photometry of the NGC 346 field, we estimate that a large number of the counterparts are B-type stars, suggesting that many of the X-ray sources may be X-ray binaries. Considering their absorption column and the photometry of their counterparts, we also conclude that most of these X-ray sources probably belong to NGC 346. Finally, due to their variability, some of the objects should be monitored in the future, both in the visible and X-ray wavebands.
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Src
RA (2000) DEC (2000 Table 5 : Photometry of the optical counterparts (WFI data), and separation between the X-ray source and its counterpart. The error quoted in the σ V column represents the dispersion of the measured data. A ':' denotes an uncertain value. If the counterpart is cataloged, the identifier is given in the last column of the Table, together with its spectral type in parentheses, if known. Identifiers beginning by 'S010202' are taken from the Guide Star Catalog-II. When it was possible, an estimation of the spectral type of the source was made, assuming that it belongs to NGC 346 (E(B − V )=0.14 mag, d=59 kpc). The result is written in italics in the last column. 
